This paper provides for the first time extensive petrological, mineralogical and geochemical data on the early Proterozoic Kortejärvi and Laivajoki carbonatites, northern Finland, which form metamorphosed and highly strained bodies 2 and 4 km long within a Svecokarelian shear zone in central Fennoscandian Shield. They are not exposed, but have been penetrated by a couple of deep drill holes.
INTRODUCTION
Carbonatites are relatively rare igneous rock occurrences most of which are Phanerozoic in age. This secular distribution may be only apparent, however, because the number of Precambrian carbonatites is continually increasing along with the progress of research in shield areas. We describe here two Precambrian carbonatites from Finland which were discovered and drilled by Rautaruukki Co already in 1971-1972 but were reported so briefly in the international literature that their carbonatite origin has been doubted (Kresten et al. 1977 , p. 64, cf. Woolley 1989 . This paper provides new petrographic, mineralogical and geochemical data which prove that the early prospectors of the Rautaruukki Co were right when they classified the Kortejärvi and Laivajoki occurrences among real carbonatites (Nykänen 1993) .
The Kortejärvi and Laivajärvi carbonatites are unexposed, metamorphosed and deformed, all features which hamper their investigation. The available drill core material suggests that they are unusual in that they are not associated with alkaline rocks and that no fenites are encountered.
GEOLOGICAL SETTING
The Kortejärvi carbonatite and Laivajärvi carbonatite are met with within the c. 1850 Ma old (Svecokarelian) Hirvaskoski Shear Zone which separates the Archaean Pudasjärvi Complex from the Archaean Kuhmo Complex in northern Finland (Kärki et al. 1993) (Fig. 1) . The country bedrock consists of psammitic gneisses and amphibolites (Honkamo 1979) , which represent intensely deformed early Proterozoic (c. 2400 Ma) metalavas and associated turbiditic metapsammites of the Sumi-Sariola tectofacies (Laajoki 1991) or Silvennoinen's (1991) greenstone I. Kärki et al. 1993 .
Fig. 1. Location of the Kortejärvi (K) and Laivajoki (L) occurrences within the Hirvaskoski shear zone, Taivalkoski and Posio areas. Map from
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Evidence from two deep drill holes and various geophysical maps (Fig. 2) indicates that the Kortejärvi carbonatite forms a body about 30-60 m wide and 2000 m long which dips steeply to the east, while the Laivajärvi carbonatite (observed in four drill holes) forms with its southern extension (the Petäikkö-Suvantovaara anomaly), which is undrilled, but verified by till geochemistry, an occurrence 20 m wide and 4000 m long which dips 60° to the southeast. The present geometries of these occurrences are secondary, being attributable to the high strain associated with the creation of the Hirvaskoski Shear Zone (Kärki et al. 1993) . 9 Juha Nykänen et ai.
The phlogopite of the Kortejärvi carbonatite gives a K-Ar age of 1875 ± 75 Ma (Kresten et ai. 1977) , which is considered indicative of the age of the Svecokarelian amphibolite-facies metamorphism, whereas a preliminary U-Pb zircon age of 2020 Ma has been reported for the Laivajärvi carbonatite, (personal communication by O. Kouvo in Vartiainen & Woolley 1974) . Analytical data for this determination have not been published. In further studies the isotope systematics of zircon in the Kortejärvi and Laivajoki carbonatites has turned out to be complex, and it appears that the age of 2020 Ma represents a maximum estimate for the crystallization of these intrusions (Karhu and Mänttäri, in prep.) .
PETROGRAPHY OF THE KORTEJÄRVI OCCURRENCE
We employ here the carbonatite nomenclature of Woolley and Kempe (1989) with prefix abbrevitions c-and d-for calcite and dolomite, respectively.
The main rock types of the Kortejärvi carbonatite are c-carbonatite, which makes up about 50 % of the drill sections, and d-carbonatite, which occupies the southern part of the intrusion. Glimmerite or phologopite rock and olivine -magnetite rock are met with only in thin bands (Fig. 3) .
The c-carbonatite is a banded, mediumgraded, bluish or white rock (Fig. 4) and mostly contains over 95 % carbonates. Accessory minerals include dolomite, magnetite, inverse-pleochroic phlogopite, olivine, serpentine, tremolite, actinolite, apatite and the REE minerals allanite and monazite. Both carbonates are exsolutionfree. Locally the rock can include over 10 % dolomite and is classified among the d-c-carbonatites. A zone of siderite-bearing d-c-carbonatite 2 m wide was met with in one drill hole.
The d-carbonatite is a yellowish rock with calcite, magnetite, normal or inverse-pleochroic phlogopite, allanite, zircon and apatite as accessory minerals. The amount of apatite is markedly greater (Fig. 5 ) than in the c-carbonatite, whereas calcite may rise to over 10 %, whereupon the rock is termed a c-d-carbonatite.
The olivine-magnetite rock is closely associated with the c-carbonatites but contains less than 50 % carbonates. The main minerals are magnetite, olivine and calcite. Olivine is often altered to serpentine, iddingsite and bowlingite. Accessory minerals include dolomite, inversepleochroic phlogopite, K-richterite and zircon.
Glimmerite occurs in bands 0.1-4 m thick. It is mostly an almost monomineralic, dark green or brownish green phlogopite rock, but may also contain fresh actinolite and edenite. The phlogopite is normally pleochroic and the flakes are 0.4-1.8 mm long. Calcite, dolomite and apatite are the most common accessory minerals, with minor diopside, zircon, allanite, sulphides and magnetite.
PETROGRAPHY OF THE LAIVAJOKI OCCURRENCE
The Laivajärvi carbonatite differs from the Kortejärvi occurrence in that its c-carbonatites and d-carbonatites are rich in tremolite and that, in addition to these main rock types (Fig. 6) , it also contains serpentine-talc-dolomite rock, while only a modest amount of glimmerite is present.
The Laivajärvi c-carbonatite is almost pure calcite carbonate rock with occasional dolomite. The accessory minerals include apatite, magnetite, phlogopite, tremolite (follows carbonates), actinolite (follows phlogopite), allanite, zircon and sulphides, but olivine and serpentine are lacking. The carbonatites rich in tremolite are mostly tremolite-c-carbonatites, but dolomite-rich varieties do also occur. The silicatercarbonate ratio varies greatly, but the amount of carbonates is over 50 % on average, and thus the rocks are classified as the carbonatites. The largest tremolite crystals may contain relics of diopside in their core zones, the only manner in which pyroxene occurs at the Laivajärvi site. Magnetite is fairly abundant and occurs in spots or thin bands. Accessory minerals are phlogopite, allanite and zircon. Zircon is abundant by comparision with the other rocks, and follows tremolite (cf. Kapustin 1980) . In addition to the minerals which give it its name, the serpentine-talc-dolomite rock contains tremolite, phologopite and magnetite as its main minerals. The basic difference relative to the tremolite-c-carbonatites is the occurrence of serpentine in spots c. 2 mm in diameter and smallscale talc, which both represent alteration products of olivine.
Glimmerite is rare at Laivajoki and consists almost solely of normally pleochroic phlogopite with magnetite, pyrite and apatite as common accessory minerals.
MINERALOGY AND MINERAL CHEM-ISTRY OF THE KORTEJÄRVI AND LAIVAJOKI OCCURRENCES
Calcite is the most common mineral in both occurrences, and contains a little magnesium (MgO 0.23-2.3 %) and iron (0.08-1.56 %) (Table 1 and Fig. 7) . Dolomite is the most common Fe-Mg carbonate, but is rimmed by ankerite in Laivajoki. The amount of iron in the zoned dolomites increases towards the rim (cf. Gittins 1989) . Staining proved that the dolomite does not contain calcite exsolutions and vice versa. Siderite, which is relatively rare in carbonatites and belongs normally to magnesite-siderite series (Woolley and Buckley 1993) , is occasionally met with at Kortejärvi and is calcic (5.25 % CaO). It is not clear if the siderite is magmatic or a product of subsolidus -metamorphic processes. The chemical compositions of Mg-Fe carbonates are given in Table 2 and Fig. 7 . The dolomite of the olivine-magnetite rock contains the least FeO, which indicates that it intruded during Sokolov's (1985) stage II before the cand d-carbonatites. EDS studies show that the Kortejärvi and Laivajärvi carbonates do not contain REEs.
Phlogopite is one of the main minerals in glimmerites and a common accessory mineral in other rocks. Its pleochroism is normal and weak in almost all the Laivajärvi rocks and the Kortejärvi glimmerite, but some of the Kortejärvi carbonatites and the olivine-magnetite rock may contain reverse-pleochroic tetraferriphlogopite. Both phlogopites are fresh and contain tiny zircon inclusions. Some of the Kortejärvi tertaferriphlogopites are rimmed by phlogopite. 
Fig. 7. Compositions of the Kortejärvi and Laivajoki carbonates (Tables 1 and 2). Open circle = calcites (N = 15). Triangles = dolomites (N = 16). Cross = ankerite (N = 2). Filled circle = siderite (N = 1).
Only the Kortejärvi phlogopites were analysed. Like the Jacupiranga micas (Gaspar and Wyllie 1987, their Fig. 5) , they all appeared to be low in titanium (0.06-0.49 % Ti02), rich in MgO and their Ti02 contents increase with decreasing MgO (Table 3 ). The micas of the olivine-magnetite rock are less evolved than those of the d-carbonatites, whereas the phlogopite of the Kortejärvi glimmerite is lowest in MgO.
Fresh olivine is met with only at Kortejärvi, where it occurs in thin olivine-magnetite bands and occasionally also in c-carbonatite and d-carbonatite. Most of it has been altered to serpentine, iddingsite, bowlingite, magnetite or even clinohumite. The olivine is a little richer in magnesium in the olivine-magnetite rocks than it is in the carbonatites (Table 4) .
The clinohumite is fairly rich in titanium (2.45-2.89 wt.% Ti02, Table 4 ) and, like the Jacupiranga clinohumite, which is consider by Gaspar (1992) The Kortejärvi and Laivajärvi occurrences differ from other carbonatites in that their amphiboles are mostly calcic amphiboles (Table 5 , nomenclature after Leake et al. 1997 ) and sodic-calcic amphiboles are met with only in accessory amounts. Actinolite and tremolite occur as accessory minerals in the Kortejärvi c-carbonatite and d-carbonatite, whereas actinolite and edenite rimmed by actinolite are met with as main minerals in the Kortejärvi glimmerite.
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Tremolite is one of the main minerals in the tremolite-c-carbonatite and tremolite-d-carbonatite in the Laivajärvi intrusion and an accessory mineral in the other rocks except for the glimmerite, which does not contain amphiboles at all. The only sodic-calcic amphibole detected is richterite, which occurs as inclusions in the olivine of the Kortejärvi olivine-magnetite rock and is fairly rich in alkalis (NajO 4.56 2.06 %). K2O Tremolite and actinolite are not listed into the minerals reported from carbonatites (Hogarth 1989, his Table 6 .1). They have not been analysed from any carbonatite occurence, only tentatively identified in many studies; e.g. Pell and Höy (1989) report them from the Blue River area, where the rocks have been metamorphosed in amphibolite facies.
Magnetite is most abundant in the Kortejärvi olivine-magnetite rock and in the Laivajärvi serpentine-talc-dolomite rock, but is also common elsewhere. It has almost stochiometric composition and is Ti-poor (0.00-0.58 % TiOz, Table 6 ), which are both features common to magnetites in carbonatites in general (Prins 1972 , Mitchell 1979 . The vanadium content is also rather low (0.01-1.24 % V203).
llmenite occurs in the Kortejärvi and Laivajärvi magnetites as lamellae or inner or rim composite grains (see Buddington and Lindsley 1964, Haggerty 1991) . The former are prominent at Kortejärvi, which points to oxidation exsolution origin, whereas ilmenite grains, some of which may be primary, are more common at Laivajoki. The MgO contents of the ilmenites in the carbonatites are in general low (<1 %, Gasparin and Wyllie 1983, <5 %, Mitchell 1986) . In this light, the ilmenites of the Kortejärvi olivine-magnetite rocks and serpentinedolomite carbonatite are fairly rich in magnesium (4.14-7.13 and 3.04 % MgO, respectively, Table 7 ), whereas those in the c-and d-carbonatites have a typical low content.
Apatite is most abundant in the Kortejärvi d-carbonatite, but is also common in the c-carbonatites and glimmerites of both occurrences. It occurs in grains or grain aggregates 1-3 mm long. It is fluorapatite in both intrusions, containing 3.95^4.89 % F and having a high Sr/Mn ratio (33 on average) (cf. Hogarth 1989) . No REE were detected in the EDS-studies.
Monazite (EDS identification) occurs in microcrystals rimming the apatite (Nykänen 1993, his Fig. 22) , which points to REE-rich hydrothermal fluids (Mariano 1989a) , or as inclusions in actinolite in the Laivajärvi c-d-carbonatite. Like the carbonatites in general (Mariano 1989b) , the Kortejärvi and Laivajärvi monazites are poor in CaO (Nykänen 1993) . Leake et. al 1997) of the amphiboles of the and Allanite-(Ce) (EDS identification) is evenly distributed in both intrusions, especially in the c-carbonatites and the Laivajärvi tremolite-c-carbonatite. It is associated with amphiboles, phlogopite and magnetite. The Laivajärvi allanite displays irregular zoning of iron and is enriched in LREEs. The cracks in the allanite are filled with a lanthanide-rich mineral, the chemical composition of which indicates that it could be cerite-(Ce) (cf. Burt 1989) .
Allanite is a common mineral in carbonatites (Hogarth 1989) , and Mariano (1989b) considers it a hydrothermal product which occurs as a vein fill or an alteration product of primary minerals. The Kortejärvi and Laivajärvi allanite does not occur in veins, but as solitary grains.
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WHOLE ROCK GEOCHEMISTRY OF THE KORTEJÄRVI AND LAIVAJOKI ROCKS
It should be noted that all the samples analysed were split halves of drill cores 2.5 cm in diameter. They were fresh, but only about 5 to 10 cm long due to the scarcity of the material. Table 8 gives main element analyses of the Kortejärvi and Laivajärvi rocks. In the main element classification of Woolley and Kempe (1989) , the Kortejärvi d-carbonatites and c-dcarbonatites are magnesiocarbonatites, whereas, due their high magnetite content, the Kortejärvi and Laivajärvi c-carbonatites and one Kortejärvi d-c-carbonatite belong to the ferrocarbonatite group (Fig. 8) . It is important to notice that the CaO contents of the carbonatites proper of both Kortejärvi and Laivajoki fill the 35^15 % CaO gap of Woolley and Kempe (1989, Fig. 1 .1, for discussion of this enigma see Bailey 1993, p. 644) . The higher silicate content of the Laivajärvi carbonatites sensu stricto (modal carbonate content > 50 %, Si02< 10 %) means that they are markedly richer in silica, TiOz and A1203 than those at Kortejärvi (Table 8) . Most of the Laivajärvi c-carbonatites have a Fe0:Fe203 ration > 1, which indicates the presence of Fe-dolomite or ankerite, whereas, due to their more abundant magnetite, the ratio is reversed in the Kortejärvi carbonatites. The P205 content varies in both occurrences due to the uneven distribution of apatite, the content of which is 7-6 % in the c-carbonatites or d-carbonatites at its highest Juha Nykänen et al. 21 
TRACE ELEMENT GEOCHEMISTRY OF THE KORTEJÄRVI AND LAIVAJO-KI ROCKS
Trace element analyses are given in Tables 9 and  10 . An interesting feature is low niobium content (9-30 ppm in carbonate carbonatites and c. 580 in tremolite-rich varieties) in carbonatites, although enrichment of this element is commonly considered typical to carbonatites (Woolley and Kempe 1989) and a good device to discriminate sedimentary carbonate rocks from carbonatites (Heinrich 1966) . Samoilov (1991) states that Nb content varies greatly from an intrusion to another. Bowden (1962 Bowden ( , 1968 , Barber (1974) , Hogarth et al. (1985) and Mariano (1989a) have reported Nb-poor carbonatites from East Africa and Canada. Barber (1974) concludes that Nb is not so good a carbonatite indicator than REEs. Also Bedard and Chown (1992) agree that a rock can be a carbonatite in spite of low Nb content. Möller (1989a) states that the Nb(Ta) amounts in carbonatites and alkaline rocks depend on the partial melting of metasomatically altered mantle. Nb in carbonatites is most commonly carried by pyrochlore (Le Bas 1977 , Kapustin 1980 , Woolley and Kempe 1989 . Due to the low Nb contents this as well as other Nb-minerals (e.g. fersmite, columbite, perovskite) are not encountered in the Kortejärvi and Laivajärvi rocks. The Kortejärvi olivine-magnetite rock and glimmerite and the Laivajärvi tremolite-rich carbonatites contain markedly more Nb than other rocks. In these rock Nb is evidently hosted by magnetite, phlogopite and tremolite (cf. Morteani 1989).
22 Juha Nykänen et ai. 1  2  3  4  5  6  7  8  Sr  2890  2920  2370  1830  3480  198  456  505  Ba  84  348  85  27  85  198  43  45  Sc  11  14  47  8  29  94  6  17  V  160  88  300  190  30  1300  600  150  Cr  <2  <2  68  <2  <2  <2  <2  <2  Co  31  24  26  35  21  114  59  68  Ni  12  <1  21  6  10  25  8 The contents of U (< 1 ppm) and Th (<3.5 ppm) in the Kortejärvi and Laivajärvi rocks are lower than the average contents given by Woolley and Kempe (1989) . This is the cause that no perovskite, pyrochlore and thorite and only small amounts of REE-minerals are met with in them.
The Sr contents (122-3480 ppm) of the Kortejärvi and Laivajärvi rocks are typical, but not noticeably high to carbonatites and correlates well with the carbonate content (or LOI) of the rock.
Barium contents (31-348 ppm) of the carbonatites are rather low. It is highest in the Kortejärvi glimmerite (763 ppm) and the Laivajärvi phlogopite-bearing c-carbonatite (348 ppm), which indicates that Ba is located in phlogopite.
Juha Nykänen et al. 23 The amount of Zr varies greatly being n x 100 ppm in carbonatites and in the Kortejärvi glimmerite, but is markedly higher in the Kortejärvi olivine-magnetite rock (1620 ppm, Table  9 ) and in the silicate-rich Laivajärvi rocks where it rises up to 2860 ppm (Table 10) .
Vanadium content is highest (up to 1100 ppm) in the magnetite-rich rocks.
RARE EARTH ELEMENT GEOCHEM-ISTRY OF THE KORTEJÄRVI AND LAIVAJOKI ROCKS
Carbonatites contain the highest amounts of REE and highest LREE/HREE ratios (La/Lu = 7.1 -1240) of any rock type (Cullers and Graaf 1984) . REE contents vary from 72 to 15 515 ppm (op. cit.), but some carbonatite veins may contain up to 41 000 ppm REE (Hogarth et al. 1985) . High LREE contents are treated by numerous authors (Heinrich 1966 , Loubet et al. 1972 , Eby 1975 , Mitchell and Brundfelt 1975 , Hogarth et al. 1988 , Nelson et al. 1988 . When a variety of carbonatites is present, it is almost always rocks emplaced late in the sequence that contain the greatest abundance of REE. These "late" carbonatites are often the ferrocarbonatites (Wall and Mariano 1996) .
The total REE contents of the Kortejärvi and Laivajärvi rocks are relatively low (Tables 9 and  10 ), but the LREE/HREE ratios are distinguishingly high in both occurrences (Figs 9 and 10) . REE(Y) levels are markedly higher in Laivajoki (1113-1452 ppm in c-carbonatites and 987 ppm in d-carbonatite) than in Kortejärvi (738-875 ppm in c-carbonatite and d-carbonatites). REE contents in the silicate-bearing rocks are much lower. All the chondrite normalised REE curves are steeply falling (Figs 9 and 10 ), but the Kortejärvi d-carbonatites are extremely impoverished in HREE. Calcite and apatite are main carriers of lanthanides in early stage carbonatites (Kapustin 1966 , Cullers and Graf 1984 , Möller 1989b . When dolomite and apatite replace calcite metasomatically lanthanides are released and mona-zite and fluorocarbonates are crystallised from fluids. Dolomite and ankerite do not contain lanthanides as much as calcite (Sokolov 1985) . Because the Kortejärvi and Laivajärvi carbonates and apatites do not contain REE, the main lanthanide carriers are allanite and monazite.
The Laivajärvi tremolite carbonatites show either a positive or negative Eu anomaly. According to Möller (1989 a & b) this feature can not be primary magmatic, but is due to later alteration.
All the Kortejärvi and Laivajärvi samples show negative Ce anomalies, which indicates that the magma was formed under oxidising conditions (Loube et al. 1972 , Möller et al. 1980 .
CARBON AND OXYGEN ISOTOPE RA-TIOS OF THE KORTEJÄRVI AND LAI-VAJOKI ROCKS
Analyses of coexisting calcite and dolomite were made using a modification of the method described by Epstein et al. (1964) , which is based on the different reaction rates of calcite and dolomite with phosphoric acid. Analytical details followed the procedure given by Karhu (1993) . Particle size ranges and reaction times were optimized in order to minimize cross-mixing of C02 evolved from the two phases, and the resulting bias was expected to remain below about 0.1 for carbon isotopes and below about 0.2 for oxygen isotope ratios.
Carbon and oxygen analytical results of the carbonatite samples from the Laivajoki and Kortejärvi intrusions are given in Table 11 and illustrated in Figure 11a . In addition to the isotopic data, Table 11 also gives the proportion of dolomite in the total carbonate fraction as determined by XRD analysis. Analyzed samples represent relatively pure carbonate rocks, which according to acid reaction yields contain more than 80 % carbonate. In the sample material no systematical differences can be observed between calcite and dolomite carbonatites or between various parts of the intrusions.
The mean 8 13 C values of dolomite and calcite for the Laivajoki samples are -4.3±0.1 %0 (±lsd, PDB) and -4.5±0.6%o , respectively, and for the Kortejärvi samples -3.910.2 %" and -4.2±0.2%», respectively. Compared to carbon the isotope ratios of oxygen show more variation. The mean 18 0 values of dolomite and calcite for the Laivajoki samples are 6.5+0.5 %" (±lsd, SMOW) and 7.0±0.8%o, respectively, and for the Kortejärvi intrusion 6.8±0.1 %0 and 8.4±1.0 %o, respectively. These isotopic characteristics are similar to the analytical results reported from other carbonatite complexes, and, more specifically, they are in the range expected for carbonate melts in equilibrium with mantle minerals (Deines 1989) .
The fractionation of carbon isotopes between coexisting dolomite and calcite in the Laivajoki and Kortejärvi intrusions is relatively invariable with A 13 C (dolomite-calcite) varying between 0.35 and 0.75 (Table 11 , Fig. lib) . On the basis of an empirical fractionation calibration of Sheppard and Schwarcz (1970) these values are suggestive of preservation of a high temperature equilibrium relation between the two minerals.
In contrast to carbon, all oxygen isotope fractionations between coexisting dolomite and calcite are reversed. The A 18 0(dolomite-calcite) values are all negative and range from -0.4 to -2.5 (Fig. lib) , whereas at equilibrium dolomite may be expected to be more enriched in 18 0 than calcite (Sheppard and Schwarcz 1970) . Oxygen isotope disequilibrium between coexisting dolomite and calcite has also been observed in many other carbonatite complexes (Deines, 1989) , and besides it seems to be a general feature of dolomite-calcite pairs in high grade marbles (Sheppard and Schwarcz 1970; Karhu 1993) . The mineral assemblages of the Laivajoki and Kortejärvi intrusions have experienced metamorphic high grade conditions during the Svecokarelian orogeny, and the isotope signatures of the calcite-dolomite pairs have certainly been reequilibrated at that time. Thus, the distinct oxygen isotope disequilibrium observed between calcite and dolomite apparently reflects processes that operated during post-metamorphic cooling of the region.
Reversed mineral-mineral fractionations are generally regarded as resulting from open-system conditions, in which one of the minerals exchanges with an infiltrating fluid at a higher rate than the others (Gregory and Criss 1986) . Nevertheless, isotopic reversals may also arise from retrograde exhange reactions in closed-system conditions (e.g., Jenkin et al. 1991) , which possibility is discussed in the following. Sheppard and Schwarcz (1970) .
Among the two carbonate species present in the Laivajoki and Kortejärvi carbonatites, calcite is more susceptible to isotopic exchange than dolomite (Northrop and Clayton 1966) , and during slow cooling dolomite may therefore be expected to be closed to oxygen isotope exchange before calcite. After dolomite is closed, calcite may continue to equilibrate with other carbonatite minerals like phlogopite, which is also known to be susceptible to low temperature exchange. At equilibrium calcite concentrates 18 0 relative to most silicate and oxide phases present in carbonatites, and, in addition, these fractionations increase with decreasing temperatures (e.g., Kyser 1987) . As a result of exchange, the 5 18 0 values of calcite increase so that they may eventually exceed those of dolomite. In contrast to oxygen, the carbon isotope composition of calcite will remain unchanged after closing of dolomite, as these two are the only carbon bearing phases in carbonatites.
Accordingly, retrograde exhange reactions in closed-system conditions appear to be sufficient to explain both the preservation of the high temperature equilibrium for carbon and the distinct disequilibrium for oxygen characterizing the carbonatite samples from the Laivajoki and Kortejärvi inrusions. However, more data would be needed to fully constrain the model and to exclude the possibility of infiltration and exchange with external hydrous fluids.
DISCUSSION
Both the mineralogical and geochemical data, especially the REE analyses and carbon and oxygen isotope results, treated above prove that the Kortejärvi and Laivajärvi occurrences are true carbonatite intrusions. The differences in their petrography and geochemistry, again especially as to the REE contents, suggest that these bodies do not represent one single carbonatite body fragmented by the Svecokarelian orogeny, but two primarily separate carbonatites. The carbonatites may have, however, been evolved from a common parental magma. In this case, the more magnesiocarbonatitic (Fig. 8) and a little REE-poorer Kortejärvi body may represent the earlier phase.
Because the Kortejärvi and Laivajärvi occurrences are completely covered by surficial deposits and are intensely deformed and the number of drill holes is limited the mutual relations and proportions of their diverse rock types can not be established. Consequently, this discussion of their pedogenesis relies on literature. Kapustin (1966) and Sokolov (1985) have discussed the subdivision of the Russian carbonatites into stages. On the basis of their mineralogy (calcite, forsterite, phlogopite, magnetite. apatite), both the Kortejärvi and Laivajärvi occurrences represent Kapustin's early stage carbonatites, but are somewhat altered as proved by the presence of clinohumite, dolomite, actinolite-tremolite, ilmenite, pyrrhotite and zircon. The Laivajärvi occurrence is more altered than the Kortejärvi one, because it does not contain fresh olivine, but contains Fe-dolomite and ankerite and is richer in tremolite, actinolite, zircon and ilmenite. Sokolov (1985) takes into account both mineralogy and the mineral chemistry of carbonates. In this classification, the Kortejärvi olivine-magnetite rock represents II-III stages, because it contains relatively Fe-poor dolomite in addition to olivine, clinohumite and calcite, whereas the c-carbonatite and d-carbonatite belong to stages III-IV because they contain Fe-dolomite, dolomite and even siderite. Th Laivajärvi rocks contain abundant amphibole and serpentine, but not olivine and their carbonates are Fe-dolomite and ankerite, which all define them into Sokolov's IV-V stages. Gaspar (1992) considers clinohumite as metasomatic. An additional evidence of this process is that the Kortejärvi and Laivajärvi apatites and calcites do not contain REEs, but these elements are encountered in monazite and allanite.
If the 2020 Ma U-Pb age of the Laivajärvi zircon (Vartiainen and Woolley 1974) dates the primary crystallization event, the intrusion of the Laivajärvi and Kortejärvi may be an early forerunner of the c. 1970 Ma rifting of the Karelian craton. The 1875 Ma K-Ar age of the Kortejärvi phologopite (Kresten et al. 1977) represents quite likely resetting of the K-Ar systematics during the Svecokarelian metamorphism.
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